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COVERED STENT AND METHOD OF COVERING A STENT 

Background of the Invention 

Radially expandable stents are commonly used to restore and maintain 
the patency of body passages, particularly blood vessels. Such stents are provided in a 
reduced diameter state suitable for percutaneous insertion into the body passage through 
a catheter. The stent is typically maintained in the reduced diameter state until delivery 
into the body passage, whereupon the stent is expanded to an increased diameter state 
within the body passage to hold open the body passage. A catheter delivered balloon is 
typically used to expand the stent to the increased diameter state. 

A biocompatible cover can be provided on the outer and/or inner surfaces 
of the stent to reduce tissue reactions associated with the expansion of the stent into 
contact with the walls of the body vessel. Such covers can adversely effect the 
expansion characteristics of the stent by increasing the deployment pressure necessary to 
deploy the covered stent to the expanded state. Such covers can also cause 
asymmetrical expansion of the stent or incomplete expansion of portions or all of the 
stent. Additionally, deployment of the stent to the expanded state can cause the stent 
cover to tear and delaminate. 

Summary of the Invention 

The present invention provides a covered stent that predictably and 
dependably expands to an increased diameter state at relatively low deployment 
pressiores while concomitantly minimizing the risk of tearing of the stent covering 
during expansion. The stent covering is comprised of an inner cover and an outer cover 
that are positioned adjacent the inner surface and outer surface, respectively, of the stent 
structure to cover the stent. The inner cover and the outer cover can be constructed from 
the same or different biocompatible materials, such as, fliuoropolymers like expanded 
polytetrafluoroethylene, having a structure of nodes intercoimected by fibrils. 

The inventors have determined that decreasing the radial thickness of the 
covering and increasing the average intemodal distance (JND) of the fluoropolymer 
material forming the stent covering, reduces the deployment pressure necessary to 
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expand the covered stent. However, they also increase the incidence of tearing of the 
stent covering. 

In accordance with one aspect of the present invention, the stent covering 
5 has a radial thickness of at least about 0.008" when the stent is in the reduced diameter, 
unexpended state. 

In accordance with another aspect of the present invention, the average 
intemodal distance of the fluoropolymer material forming either the inner cover or the 
1 0 outer cover is greater than 1 00 microns when the stent is in the reduced diameter, 

mexpanded state. In one preferred embodiment, the average IND of the fluoropolymer 
material forming either the inner cover or the outer cover can be at least about 1 1 0 
microns. In the most preferred embodiment, the average IND of the fluoropolymer 
material forming either the inner cover or the outer cover is at least about 135 microns. 

15 

In accordance with a further aspect of the present invention, the stent 
deploys from a reduced diameter configuration to an increased diameter configuration at 
an average deployment pressure of less than or equal to about 1 0 atm. In a preferred 
embodiment, the average deployment pressure of the stent is between about 4 atm and 
20 about 8 atm. 

The present invention further provides a method for covering a stent 
structure. The method includes the step of positioning an iimer cover of fluoropolymer 
material within the stent structure adjacent the inner surface of the stent structure and 
25 positioning an outer cover of fluoropolymer material over the outer sxirface of the stent 
structure. A compression tube is placed over the outer cover and the covered stent 
structure is heated to bond the inner cover to the outer cover. 

The compression tube is preferably a tubular metal sleeve. In a preferred 
30 embodiment, a tube of fluoropolymer material is positioned between the outer cover and 
the compression tube. The compression tube and the tube of fluoropolymer material are 
removed after the covered stent structure is heated. 



ATA-286 



-3 - 

An adhesive can be applied to either the inner cover or the outer cover to 
facilitate bonding of the inner cover to the outer cover. The adhesive is preferably an 
aqueous dispersion of fluoropolymer material, such as PTFE. The aqueous dispersion 
can be heated after application to evaporate the aqueous component of the dispersion. 

5 

Brief Description of the Drawings 

These and other features and advantages of the present invention will be 
more fully understood by reference to the following detailed description in conjunction 
with the attached drawings in which like reference numerals refer to like elements 
10 through the different views. The drawings illustrate principles of the invention and, 
although not to scale, show relative dimensions. 

FIGURE 1 is a side elevational view in cross-section of a covered stent 
according to the teachings of the present invention; 

15 

FIGURE 2 is a cross-sectional view of the stent of FIGURE 1 along the 

line 2-2; 

FIGURE 3 is a flow chart illustrating a method of covering a stent 
20 according to the teachings of the present invention; 

FIGURE 4 is a side elevational view in cross-section of an end of a cover 
stent according to the teachings of the present invention; and 

25 FIGURES 5A-C are histology slides of a covered stent of the present 

invention deployed in the right iliac artery of a male pig. 

Detailed Description of Preferred Embodiments 

30 A radially expandable covered stent 1 0 in accordance with the teachings 

of the present invention is illustrated in FIGURES 1 and 2. The covered stent 1 0 is 
deployable from a reduced diameter, unexpanded configuration to an increased 
diameter, expanded configuration. The covered stent 10 is illustrated in FIGURES 1 
and 2 in the reduced diameter, imexpanded configuration. The covered stent 10 is 

35 comprised of a stent structure 12 and a stent covering 14. The properties of the stent 
covering 14, described in detail below, as well as the method of covering the stent 
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structure, described in detail below, allow the covered stent 10 to predictably and 
dependably expand to an increased diameter state at relatively low deployment pressures 
while concomitantly minimizing the risk of tearing of the stent covering during 
expansion. 

5 

The stent structure 12 can be a balloon expandable slotted stent such as 
described in U.S. Patent No. 4,739,762 to Palmaz, incorporated herein by reference, as 
illustrated in FIGURES 1 and 2. Alternatively, the stents described in commonly- 
assigned U.S. Patent Application No. (Attorney Docket No. ATA-268), filed 

10 concurrently herewith, can be employed. Other types of balloon expandable stents that 
can be used in the present invention include, for example, WITKOR stents described in 
U.S. Patent No. 4,969,458, STRECKER stents described in U.S. Patent No. 5,405,378, 
or PALMAZ-SCHATZ stents described in U. S . Patent No. 5 , 1 95,984. Alternatively, 
self-expanding stents, such as, for example, Nitinol stents, stents described in 

15 commonly-owned U.S. Patent Application No. 09/237,197, filed January 25, 1999, 
GIANTURCO stents described in U.S. Patent No. 4,580,568 or WALLSTENTs 
described in U.S. Patent No. 4,544,771, can be used in conjunction with the present 
invention. One skilled in the art will appreciate that the present invention is not limited 
to any particular stent design, and that any radially expandable stent can be employed in 

20 the present invention. All of the above-referenced patents and patent applications are 
incorporated herein by reference. 

The stent covering 14 is comprised of an inner cover 16 and an outer 
cover 18. The inner cover 16 is positioned within the lumen of the stent structure 12 and 

25 contacts the inner surface 20 of the stent structure 12. The outer cover 18 is positioned 
over the stent structure 12 and contacts the outer surface 22 of the stent structure 12. 
The inner cover 16 and the outer cover 18 are preferably bonded together in the space 
between the structural elements forming the stent structure 12. In this manner, the stent 
cover 14 surrounds and envelops the stent structure 12. It is preferable for the inner 

30 cover 1 6 and the outer cover 1 8 to extend along the entire length of the stent structure 
12, although, in certain applications, it may be desirable to cover only portions or a 
portion of the length of the stent structure 12. 
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The inner cover 16 and the outer cover 18 of the stent covering 14 can be 
constructed from known biologically compatible materials such as, for example, 
fluoropolymer materials. Various fluoropolymer materials are suitable for use in the 
5 present invention. Suitable fluoropolymer materials include, for example, 

polytetrafluoroethylene (PTFE) or copolymers of tetrafluoroethylene with other 
monomers. Such monomers include ethylene, chlorotrifluoroethylene, 
perfluoroalkoxytetrafluoroethylene, or fluorinated propylenes such as 
hexafluoropropylene. Expanded PTFE (ePTFE) is the preferred material of choice. 
10 ePTFE is characterized by a micro structure of nodes interconnected by fibrils and is a 
hydrophobic, biocompatible, inelastic material having a low coefficient of friction, 
making ePTFE particularly suited for covering stents. 

The inventors have determined that decreasing the radial thickness of the 
15 stent covering 14 and increasing the average intemodal distance (IND) of the material 
forming the stent covering 14, reduces the deployment pressure necessary to expand the 
covered stent 10. However, this also increases the incidence of tearing of the stent 
covering 14 from expansion. It is desirable for the covered stent 10 to deploy from the 
unexpanded to the expanded configuration at deployment pressures of less than or equal 
20 about 10 atms. The covering applied to conventional stents can increase the deployment 
pressure necessary to deploy the stent. Conventional covered stents typically deploy at 
higher deployment pressures. Such higher deployment pressures may not be suitable for 
all treatment applications, particular the treatment of smaller sized body vessels. 

25 In one preferred embodiment of the covered stent 10 of the present 

invention, the thickness of stent covering 14, including both the inner and the outer 
covers 16, 18, is at least about .008" when the stent is in the unexpanded configuration. 
The thickness of the covering 14 is measured between the structural elements of the 
stent structure 12, as illusfrated by arrow t in FIGURES 1 and 2. In addition, the 

30 average intemodal distance (IND) of the material forming either the inner cover 16 or 
the outer cover 1 8 of the stent covering 14 is preferably greater than 100 microns. The 
average IND of either the inner cover 16 or the outer cover 18 of the stent covering 14 
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can be at least about 1 10 microns, and in one preferred embodiment the average IND of 
either the inner cover 1 6 or the outer cover 1 8 is greater than or equal to about 135 
microns. 



5 A method of covering a stent in accordance with the present invention is 

illustrated in the flow chart of FIGURE 3. To form the irmer cover of the stent covering, 
a tube of ePTFE is produced, step 50. The ePTFE tube is preferably produced through 
an extrusion and a longitudinal expansion process. An exemplary extrusion and 
expansion process is described below, however, one skilled in the art will appreciate that 

1 0 alternative processes for producing an ePTFE tube may be utilized without departing 
from the scope of the present invention. According to the exemplary process, a billet 
comprising a PTFE resin mixed with an organic lubricant is utilized. Various organic 
lubricants are suitable such as naphtha, ISOPAR-G and ISOPAR-H available from 
Exxon Corporation. The blended resin is compressed at low pressure to yield a tubular 

1 5 billet of PTFE resin and lubricant. The tubular billet is then extruded through an 
extruder, for example a ram extruder, to reduce the cross section of the billet and to 
yield a tubular extrudate. The organic lubricant can be removed from the extrudate by 
drying the extrudate in a heated oven. Once the tubular extrudate is produced, the 
extrudate is expanded by longitudinal stretching. After the extrudate has been stretched, 

20 it is heat set to lock in the microstmcture of the material to complete the process of the 
forming the tube of ePTFE. 

One skilled in the art will appreciate that the inner cover of the stent can 
be formed by other known methods of covering or coating without departing from the 
25 scope of the present invention. For example, the inner cover can be constructed from 
tape or wrap of ePTFE or other material that can be wrapped about a mandrel to form 
the inner cover. 



The stent structure is placed over the ePTFE tube, step 52, preferably 
30 after mounting the ePTFE tube on a mandrel. The stent structure is preferably covered 
in the reduced diameter, unexpanded configuration. An adhesive can be optionally 
applied to the ePTFE tube to facilitate bonding of the ePTFE tube to the outer cover. 
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step 54. The adhesive can be applied directly to the ePTFE tube, or can be applied to 
the outer covering. Any adhesive suitable for bonding ePTFE, or other covering 
materials, can be used. A preferred adhesive is an aqueous dispersion of PTFE, such as 
FLUON™ ADl, available from ICI Fluoropolymers of Wilmington, DE. If an aqueous 
5 dispersion of ePTFE is utilized as the adhesive, the aqueous dispersion is heated after 
application to evaporate the aqueous component of the dispersion, step 56. 

The outer cover is then provided on the stent structure, step 58. The 
outer cover can be a separate tube of ePTFE or other suitable material, a wrap of 
1 0 fluoropolymer material such as a wrap of TEFLON tape, or other suitable covering 
materials. In one preferred embodiment, the ePTFE tube formmg the inner cover is 
folded over the outer surface of the stent stmcture to form the outer cover. An 
exemplary method of covering a stent structure in this manner is described in commonly 
owned U.S. Patent No. 6,010,529, incorporated herein by reference. 

15 

FIGURE 4 illustrates one end of an exemplary covered stent 110 in 
which the inner cover 1 16 is folded over the outer surface 122 of the stent structure 1 12 
to form the outer cover 118. This embodiment provides a two-layer outer cover 118. 
The stent structure 112 can be covered by initially selecting an ePTFE tube for forming 

20 the inner cover 1 1 6 that is longer than the stent structure 1 1 2. The stent structure 1 12 is 
positioned coaxially external to and centrally along the length of the ePTFE tube. A 
first portion of the ePTFE tube extending from one end of the tube can be folded over 
the stent structure into contact with the outer surface 122 of the stent structure 1 12, to 
form the first outer cover layer 1 1 8A. A second portion of the ePTFE tube extending 

25 from the other end of the stent structure 1 1 2 then can be folded over the stent structure 
1 12 into contact with the first portion of the ePTFE tube, to form the second cover layer 
1 1 8B. This results in the outer cover 1 1 8 having two layers, 1 1 8A and 1 1 SB, 
corresponding to the portions of the ePTFE tube extending from the stent structure. 



30 



Referring again to FIGURE 3, once the outer cover is in place, a second 
tube of ePTFE or other material is placed over the covered stent, step 60. A 
compression tube is positioned over the second tube of ePTFE, step 62. The 
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compression tube and the second ePTFE tube are selected to have an inner diameter that 
is less than the diameter of the outer cover of the covered stent. The length of the 
compression tube and length of the second ePTFE tube each are preferably greater than 
or equal to the length of stent structure. It is important for the second tube to be 
5 constructed from a material that will not bond to ePTFE and for the compression tube to 
be constructed from a material that will not bond to the second tube. Preferable 
materials for the compression member tube include, but are not limited to, metal and 
metal alloys, such as stainless steel. 

10 The covered stent structure is heated with the compression tube and the 

second ePTFE tube in place, step 64. The compression tube and second tube compress 
the covering material during heating, thereby forcing together the irmer cover and the 
outer cover aro\md the stent structure. Thus, the compression tube and second tube 
operate to facilitate the bonding of the inner cover to the outer cover. In addition, the 

1 5 compression tube, second tube and mandrel maintain the outer and inner diameter of the 
covered stent constant during the heating process, allowing the covered stent to be 
manufactured to a predetermined and predictable initial diameter. After heating, the 
compression tube, second ePTFE tube and mandrel are removed, step 66. 

20 One skilled in the art will appreciate that the use of the compression tube 

and/or the second tube of ePTFE is optional. Heating of the covered stent can be 
sufficient to effect bonding of the inner cover to the outer cover. In addition, the iimer 
cover and the outer cover are not limited to single layers. Additional layers of the same 
or different covering materials may be provided on the either the inner cover and/or the 

25 outer cover. 

The properties of the stent covering can be adjusted by varying the 
process parameters used to create the ePTFE tube(s) used to form the stent covering. 
For example, the average IND of the stent covering can be adjusting by varying the 
30 amount of lubricant or the amount of PTFE resin used to create the PTFE billet. In 
addition, the average IND can be adjusted by varying the stretch rate and the stretch 
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ratio of the expansion process. Likewise, the thickness of the stent cover can be 
adjusted by varying the thickness of the ePTFE tube(s) employed. 

In one preferred embodiment, the stent covering is homogeneous, i.e. the 
fluoropolymer material selected for the inner cover is the same fluoropolymer material 
selected for the outer cover and the inner cover and the outer cover each have an 
identical or substantially similar average END. The use of a homogeneous stent 
covering provides uniform and consistent expansion characteristics to the stent covering 
and can contribute to minimizing tearing of the stent covering during expansion. Thus, 
in one preferred embodiment, both the irmer cover and the outer cover are constructed 
from ePTFE and the inner cover and the outer cover have an identical or substantially 
similar average IND that is greater than 100 microns. 

One skilled in the art will appreciate that different materials can be used 
to form the irmer cover and the outer cover, to provide a non-homogeneous or 
heterogeneous stent covering, without departing from the scope of the present invention. 
For example, a heterogeneous stent covering can be manufactured by forming the inner 
cover from a tube formed of a first material and forming the outer cover from a tube 
formed of a second material distinct from the first material. 

Likewise, the average IND of the inner cover can be distinct from the 
average IND of the outer cover, to provide a stent covering having a non-uniform 
average IND, without departing from the scope of the present invention. For example, 
in certain applications it may be desirable to provide the outer cover with an average 
IND greater than the average IND of the irmer cover, or vice versa, to modify the 
expansion characteristics of the covered stent. For example, a stent covering having a 
non-uniform average IND can be manufactured by forming the inner cover from a tube 
having a first average IND and by forming the outer cover from a tube having a second 
average IND, distinct from the first average IND. Alternatively, a single tube having an 
average IND that varies along its length can be used to form both the inner cover and the 
outer cover, in accordance with the folding method described above. 
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Regardless of whether the stent covering of the covered stent of the 
present invention is homogeneous or heterogeneous, or has a uniform or non-uniform 
average IND, it is preferable for either the inner cover or the outer cover of the stent 
covering to have an average IND greater than 100 microns. 

5 

Example 1 

Balloon expandable PALMAZ-type slotted stents were covered with 
ePTFE in accordance with the method of covering a stent described above. The 
expanded diameter of each stent was 9mm. Each stent included an iimer cover of 
10 ePTFE and a two-layer outer cover of ePTFE as illustrated in FIGURE 4 above. The 
irmer cover of each stent was formed from an ePTFE tube that was folded over the stent 
structure to create the outer cover of the covered stent. 

A first lot of five stents. Lot 1 in Table 1 below, were covered using an 
1 5 ePTFE tube having an average wall thickness 0.0073 in. and an average IND of 1 37 
microns. A second lot of five stents, Lot 2 in Table 1 below, were covered using an 
ePTFE tube having an average wall thickness of 0.010 in and an average IND of 139. A 
third lot of four stents, Lot 3 in Table 1 below, were covered using an ePTFE tube 
having an average wall thickness of 0.016 in and an average IND of 147. After 
20 covering, the cover wall thickness of each stent in the three lots was 0.009 in. Cover 
wall thickness refers to the thickness of the stent covering, measured between the 
elements of the stent structure, when the covered stent is in the unexpanded state. 

Each of the stents was expanded once using a 9mm PET balloon. The 
25 average deployment pressure of each lot of stents was determined. The results of the 
tests are set forth in Table 1 . 



Table 1 



Covered Stent 


ePTFE Tube Wall 


Cover Wall 


Average IND 


Avg. Deployment 




Thickness (in.) 


Thickness (in.) 


(microns) 


Pressure (ATM) 


1 


0.0073 


0.009 


137 


4.6 


2 


0.01 


0.009 


139 


5.4 


3 


0.016 


0.009 


147 


7.4 
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Each covered stent deployed to the 9 mm expanded configuration at 
relatively low average deployment pressures, i.e. less than 10 atm, and, more 
particularly, in the 4 atm to 8 atm range. Holes were observed in the covering of the 
5 stents of Lot 1 during expansion of the covered stent to the 9 mm expanded 

configuration. No holes or tearing were observed in the stent covering of the stents of 
Lots 2 and 3. The covered stents of Lots 2 and 3 each successfully deployed to the 9 mm 
expanded configuration with the stent covering intact. 

10 Example 2 

Animal studies were conducted in which eight covered stents were 
deployed in the arteries of two male pigs to observe the cellular response to the stents. 
The stents employed were balloon expandable stents of the type described in commonly- 
assigned U.S. Patent Application No. (Attorney Docket No. ATA-268), filed 
1 5 concurrently herewith. The stents were covered in accordance with the method 

described above. A single ePTFE tube was utilized to provide the inner cover and the 
outer cover. The stents had expanded diameters of 6 - 8 mm. The ePTFE used to cover 
each stent had a wall thickness of 0.01 in. and an average IND of 1 39 microns in the 
unexpanded configuration. 

20 

The covered stents were deployed in the left carotid artery, the right 
carotid artery, the left iliac artery, and the right iliac artery of two male pigs. The 
covered stents were deployed with a catheter delivered PET balloon using standard 
operative techniques. Each stent deployed successfully at approximately 6 atm. The 
25 pigs were sacrificed after 28 days. The stented vessels were explanted at the time of 
sacrifice and prepared for histology slides. 

FIGURES 5A-C are histology slides at varying magnifications (20X, 
lOX and SOX, respectively) of the middle of one of the stents deployed in the right iliac 
30 artery of a 27 kg male pig. The histology slides illustrate the presence of only a thin 
layer of endothelial cells indicating no hyperplasia. 

Since certain changes may be made in the above constructions without 
departing from the scope of the invention, it is intended that all matter contained in the 
35 above description or shown in the accompanying drawings be interpreted as illustrative 
and not in a limiting sense. 
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It is also to be understood that the following claims are to cover all 
generic and specific features of the invention described herein, and all statements of the 
scope of the invention which, as a matter of language, might be said to fall 
therebetween. 

Having described the invention, what is claimed as new and desired to be 
secured by Letters Patent is: 
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1 . A radially deployable stent comprising: 

a stent structure having an inner surface and an outer siirface, and 
a stent covering comprising 
5 an inner cover of biocompatible material positioned adjacent said inner 

surface of said stent structure, and 

an outer cover of biocompatible material positioned adjacent said outer 
surface of said stent structure, 

wherein at least one of said biocompatible material of said inner cover and said 
10 biocompatible material of said outer cover has an average intemodal distance (IND) of 
greater than 100 microns. 

2. The stent of claim 1 , w^herein said inner cover is folded over said outer surface of 
said stent structure to form said outer cover. 

15 

3. The stent of claim 1 , wherein a first portion of said inner cover is folded over 
said outer surface of said stent structure and a second portion of said irmer cover is 
folded over said first portion of said irmer cover. 

20 4. The stent of claim 1 , wherein said inner cover and said outer cover extend 
substantially along the entire length of said stent structure. 

5. The stent of claim 1 , wherein the stent deploys from a reduced diameter 
configuration to an increased diameter configuration at an average deployment pressure 

25 of less than or equal to about 1 0 atm. 

6. A radially deployable stent comprising: 

a stent structure having an inner surface and an outer surface, and 
a stent covering comprising 
30 an inner cover of biocompatible material positioned adjacent said inner 

surface of said stent structure, and 

an outer cover of biocompatible material positioned adjacent said outer 
surface of said stent structure, 

wherein said stent covering has a radial thickness of at least about 0.008" and the 
35 average intemodal distance (IND) of each of the inner cover and the outer cover is 
greater than 100 microns. 
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7. The stent of claim 6, wherein said inner cover is folded over said outer surface of 
said stent structure to form said outer cover. 

8. The stent of claim 7, wherein a first portion of said inner cover is folded over 
5 said outer surface of said stent structure and a second portion of said inner cover is 

folded over said first portion of said inner cover. 

9. The stent of claim 6, wherein said inner cover and said outer cover extend 
substantially along the entire length of said stent structure. 

10 

1 0. The stent of claim 6, wherein the stent deploys from a reduced diameter 
configuration to an increased diameter configuration at an average deployment pressure 
of less than or equal to about 10 atm. 
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Abstract of the Disclosure 

A radially deployable covered stent that predictably and dependably expands to 
an increased diameter state at relatively low deployment pressures while concomitantly 
5 minimizing the risk of tearing of the stent covering during expansion. The stent 
covering includes an inner cover and an outer cover that are bonded together through 
and around the stent structure to cover the stent. The stent cover is constructed from 
expanded polytetrafluoroethylene (ePTFE) having a structure of nodes intercoimected 
by fibrils. The stent covering has a radial thickness of at least about 0.008" and an 

1 0 average intemodal distance (IND) of at least about 1 00 microns when the stent is in the 
reduced diameter, unexpanded state. The covered stent deploys at an average 
deployment pressure of less than or equal to about 10 atm. A method for covering a 
stent structure according to the present invention includes placing a compression 
member in the form of a tubular sleeve over the outer cover and heating the compressed 

1 5 covered stent to bond the irmer cover to the outer cover. An adhesive in the form of an 
aqueous dispersion of PTFE can be applied to either the inner cover or the outer cover to 
facilitate bonding of the inner cover to the outer cover. 
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Customer Number: 000959 



Attorney's 
Docket 

Number ATA-286 



Declaration, Petition and Power of Attorney for Patent Application 
As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, 

I believe I am the original, first and sole inventor (if only one name is listed below) or an 
original, first and joint inventor (if plural names are listed below) of the subject matter which 
is claimed and for which a patent is sought on the invention entitled 

COVERED STENT AND METHOD OF COVERING A STENT 
the specification of which 

(check one) 

X is attached hereto. 

_ was filed on as 



Application Serial No. 



and was amended on . 

(if applicable) 

I do not know and do not believe that the subject matter of this application was known or 
used by others in the United States or patented or described in a printed publication in any 
country before my invention thereof, or patented or described in a printed publication in any 
country or in public use or on sale in the United States more than one year prior to the date of 
this application, or first patented or caused to be patented or made the subject of an inventor's 
certificate by me or my legal representatives or assigns in a country foreign to the United 
States prior to the date of this application on an application filed more than twelve months 
(six months if this application is for a design) before the filing of this application; and I 
acknowledge my duty to disclose information of which I am aware which is material to the 
examination of this application, that no application for patent or inventor's certificate on the 
subject matter of this application has been filed by me or my representatives or assigns in any 
country foreign to the United States, except those identified below, and that I have reviewed 
and understand the contents of the specification, including the claims as amended by any 
amendment referred to herein. 

I acknowledge the duty to disclose to the Office all information knovm to me to be material 
to patentability as defmed in Title 37, Code of Federal Regulations, §1.56. 



CLAIM OF BENEFIT OF EARLIER FOREIGN APPLICATION(S) 



I hereby claim priority benefits under Title 35, United States Code, § 11 9 of any foreign 
application(s) for patent or inventor's certificate listed below, and have also identified below 
any foreign application(s) for patent or inventor's certificate filed by me on the same subject 
matter having a filing date before that of the application(s) from which priority is claimed. 



Check one: 



X no such applications have been filed. 

_ such applications have been filed as follows 



EARLIEST FOREIGN APPLICATION(S), IF ANY, FILED WITHIN 12 MONTHS 
(6 MONTHS FOR DESIGN) PRIOR TO THIS U.S. APPLICATION 



Country 


Application Number 


Date of Filing 
(month,day,year) 


Priority Claimed 
Under 35 use 119 








_ Yes No _ 








_ Yes No _ 








Yes No 








Yes No _ 








_ Yes No _ 



ALL FOREIGN APPLICATION(S), IF ANY FILED MORE THAN 12 MONTHS 
(6 MONTHS FOR DESIGN) PRIOR TO THIS U.S. APPLICATION 



CLAIM FOR BENEFIT OF U.S. PROVISIONAL APPLICATION(S) 



I hereby claim the benefit imder 35 U.S.C. §1 19(e) of any United States provisional 
application(s) listed below. 



(Application Serial No.) (Filing Date) 



(Application Serial No.) 



(Filing Date) 



CLAIM FOR BENEFIT OF EARLIER U.S./PCT APPLICATION(S) 



I hereby claim the benefit under Title 35, United States Code, §120 of any earlier United States 
application(s) or PCT international application(s) designating the United States listed below 
and, insofar as the subject matter of each of the claims of this application is not disclosed in the 
earlier application(s) in the manner provided by the first paragraph of Title 35, United States 
Code, §112, 1 acknowledge the duty to disclose to the Office all information known to me to 
be material to patentability as defined in Title 37, Code of Federal Regulations, §1.56 which 
became available between the filing date(s) of the earlier application(s) and the national or 
PCT international filing date of this application. As to subject matter of this application which 
is common to my earlier application(s), if any, described below, I do not know and do not 
believe that the same was known or used by others in the United States or patented or 
described in a printed publication in any country before my invention thereof, or patented or 
described in a printed publication in any country or in public use or on sale in the United States 
more than one year prior to the date(s) of said earlier application(s), or first patented or caused 
to be patented or made the subject of an inventor's certificate by me or my legal representatives 
or assigns in a country foreign to the United States prior to the date(s) of said earlier 
application(s) on an application filed more than twelve months (six months if this application 
is for a design) before the filing of said earlier application(s); and I acknowledge that no 
application for patent or inventor's certificate on said subject matter has been filed by me or 
my representatives or assigns in any country foreign to the United States except those 
identified herein. 



(Application Serial No.) (Filing Date) (Status) 

(patented,pending,aband.) 



(Application Serial No.) 



(Filing Date) 



(Status) 
(patented,pending,aband.) 



POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorneys 
and/or agents to prosecute this application and transact all business in the Patent and 
Trademark Office connected therewith. 



James E. Cockfield 
Thomas V. Smurzynski 
Ralph A. Loren 
Giulio A. DeConti, Jr. 
Aim Lamport Hammitte 
Elizabeth A. Hanley 
Amy E. Mandragouras 
Anthony A. Laurentano 
Jane E. Remillard 
Jeremiah Lynch 
Kevin J. Canning 
Jeanne M. DiGiorgio 
Megan E. Williams 



Reg. No. 19,162 
Reg. No. 24,798 
Reg. No. 29,325 
Reg. No. 3 1,503 
Reg. No. 34,858 
Reg. No. 33,505 
Reg. No. 36,207 
Reg. No. 38,220 
Reg. No. 38,872 
Reg. No. 17,425 
Reg. No. 35,470 
Reg. No. 41,710 
Reg. No. 43,270 



Nicholas P. Triano III Reg. No. 36,397 

Peter C. Lauro Reg. No. 32,3 60 

DeAnn F. Smith Reg. No. 36,683 

WiUiam D. DeVaul Reg. No. 42,483 

David J. Rikkers Reg. No. 43,882 

Chi Suk Kim Reg. No. 42,728 



Maria Laccotripe Zacharakis Limited Recognition 

Under 37 C.F.R. § 10.9(b) 



Debra J. Milasincic Reg. No. P46,93 1 

David R. Bums Reg. No. P46,590 



Send Correspondence to Kevin J. Canning, Esq. at Customer Number: 000959 whose address 



Lahive & Cockfield, LLP, 28 State Street Boston, MA 02109 

Direct Telephone Calls to: (name and telephone number) 

Kevin J. Canning, Esq., (617) 227-7400 

Wherefore I petition that letters patent be granted to me for the invention or discovery described and 
claimed in the attached specification and claims, and hereby subscribe my name to said specification 
and claims and to the foregoing declaration, power of attorney, and this petition. 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that 
such willfial false statements may jeopardize the validity of the application or any patent issued 
thereon. 



Full name of sole or first inventor 

Jonathan L. Goodwin 

Inventor's signature 



Residence 

15 Bolic Street, Nashua, NH 03062 
Citizenship 

U.S.A. 

Post Office Address (if different) 



is: 
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Full name of second inventor, if any 




Gary A. Jordan 




Inventor's signature 


Date 


Residence 




9 Parker Cricle, Litchfield, NH 03052 




Citizenship 




U.S.A. 




Post Office Address (if different) 



Full name of third inventor, if any 




Peter H. Gingras 




Inventor's signature 


Date 


Residence 




24 Blossom Road, Windham, NH 03087 




Citizenship 




U.S.A. 




Post Office Address (if different) 
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